Introduction
The clustering of several cardiovascular risk factors as hypertension, dyslipidemia and disturbed glucose metabolism associated with central obesity is often referred to as Metabolic Syndrome (MetS). Patients with MetS have a two-to three-fold increased risk for the development of type 2 diabetes mellitus and cardiovascular morbidity and mortality. 1 -4 In nearly 20 -25% of apparently healthy individuals and in 45% of patients with clinical manifestations of atherosclerosis MetS is present. 5, 6 Presently various definitions for MetS are being used, based on different criteria, among them the definition proposed by the World Health Organization (WHO), the National Cholesterol Education Program (NCEP) definition and the definition of the International Diabetes Federation (IDF). 7 -10 In 2005, the NCEP definition was revised 11 by lowering the threshold for fasting glucose from 6.1 to 5.6 mmol/L, in concordance with the American Diabetes Association criteria for impaired fasting glucose. 12 Although the various MetS definitions identify different individuals, 5, 13 the risk for cardiovascular morbidity and mortality was similar in the general population. 14 -18 A recent subanalysis of the TNT study reported that patients with coronary heart disease (CHD) and MetS particularly derive incremental benefit from intensive lipid-lowering therapy with high-dose atorvastatin in contrast to patients without MetS. 19 Patients with manifest atherosclerotic vascular disease are at increased risk for recurrent vascular events and mortality. Current European and US guidelines recommend a low density lipoprotein-cholesterol (LDL-c) level ,2.6 mmol/L and a systolic blood pressure (SBP) level ,140 mmHg in these high-risk individuals. 20, 21 In 2004 the National Heart, Lung and Blood Institute's Adult Treatment Panel (ATP) III suggested an optional further lowering of LDL-c target levels to below 1.8 mmol/L for very high-risk CHD patients, including those with CHD and MetS. 22 In patients with manifest vascular disease presence of MetS is associated with advanced vascular damage. 23 Among patients with CHD, those with MetS are at increased risk of subsequent vascular events as compared with those without. 24 In the present prospective cohort study, we investigated the risk of the NCEP, NCEP-R and IDF-definition of MetS for future vascular events and total mortality in patients with different manifestations of atherosclerotic disease. Furthermore, we investigated whether patients with MetS and clinically manifest atherosclerotic disease with optimal low LDL-c or SBP levels at baseline were still at higher risk of recurrent vascular events or all-cause mortality compared with patients without MetS.
Methods

Study population
Patients originated from the SMART study (Secondary Manifestations of ARTerial disease), an ongoing prospective cohort study at the University Medical Centre Utrecht designed to establish the prevalence of concomitant arterial diseases and risk factors for atherosclerosis in a high-risk population. Study patients were newly referred to the University Medical Centre Utrecht (UMCU) with manifest atherosclerotic disease or a cardiovascular risk factor and were screened noninvasively for manifestations of atherosclerotic diseases and risk factors other than the qualifying diagnosis. A detailed description of the study has been published previously. 25 The Ethics Committee of the University Medical Centre Utrecht approved the study and all participants gave their written informed consent.
For the current study we used the data of 3196 consecutive patients, enrolled between January 1996 and March 2005, with either a history or a recent diagnosis of clinically manifest vascular disease: 1750 patients had coronary artery disease (CAD), 935 cerebrovascular disease (CVD), 832 peripheral arterial disease (PAD) and 373 abdominal aortic aneurysm (AAA). A total of 694 patients fell into more categories because they had more than one localization of the clinical manifestation of vascular disease. CAD was defined as either a history or recent diagnosis of angina pectoris, myocardial infarction (MI), cardiac arrest or coronary revascularization (coronary bypass surgery or coronary angioplasty). Patients with CVD had had a transient ischaemic attack, cerebral infarction, amaurosis fugax or retinal infarction, or had a history of carotid surgery. PAD was defined as a symptomatic and documented obstruction of distal arteries of the leg or surgery of the leg (percutaneous transluminal angioplasty, bypass or amputation). Patients with AAA had a supraor infrarenal aneurysm of the aorta (distal aortic anteroposterior diameter !3 cm, measured with ultrasonography) or a history of AAA surgery.
Data collection
At inclusion, patients were asked to complete a standardized questionnaire on medical history, symptoms of and risk factors for cardiovascular disease, presence of vascular disease in first-degree relatives and current medication use. Furthermore, a standardized diagnostic protocol was performed including physical examination (height, weight, waist circumference, systolic, and diastolic blood pressure) and laboratory tests to determine fasting serum lipid, glucose and insulin levels. The techniques used for the laboratory tests have been described previously. 25 Waist circumference was measured halfway between the lower rib and iliac crest.
Definitions
MetS was defined according to NCEP-criteria, 7 revised NCEP (NCEP-R)-criteria 11 and IDF-criteria. 9 NCEP-defined MetS includes 7 According to the NCEP-R definition, MetS was diagnosed using NCEP criteria except for a lower threshold for fasting glucose (!5.6 mmol/L).
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Using IDF criteria, MetS was diagnosed in patients who had central obesity (waist circumference .94 cm in men and .80 cm in women) plus two or more of the following abnormalities: high fasting glucose (fasting serum glucose !5.6 mmol/L (100 mg/dL) and/or use of glucose lowering agents), hypertriglyceridemia [serum triglycerides !1.7 mmol/L (150 mg/dL)], low HDL cholesterol (serum HDLcholesterol ,1.04 mmol/L (40 mg/dL) in men and ,1.29 mmol/L (50 mg/dL) in women), high blood pressure (!130 mmHg systolic or !85 mmHg diastolic and/or use of blood pressure lowering agents). The use of specific medications as fibrates or nicotinic acid for elevated triglycerides and low HDL-cholesterol was also considered as fulfilling these criteria. 9 In the present study, waist circumference was not measured in patients included in the SMART cohort in the period between January 1996 and January 1999. If waist circumference was not available a body mass index (BMI) !30 kg/m 2 was used as determinant for obesity. 8 Diabetes mellitus was defined as either a referral diagnosis of diabetes, self-reported diabetes (use of glucose-lowering agents), a known history of diabetes mellitus at the time of enrolment or a fasting plasma glucose !7 mmol/L. 8 Fasting plasma glucose measurements were available in 3178 (99%) of 3196 patients.
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Follow-up
Patients were biannually asked to complete a questionnaire on hospitalizations and outpatient clinic visits. Outcomes of interest for this study were MI, ischaemic stroke, vascular death, and a composite of these events (all vascular events). All-cause mortality was recorded as well. Definitions of events are shown in Table 1 . When a possible event was reported, hospital discharge letters and results of relevant laboratory and radiology examinations were collected. Death was reported by relatives of the participant, the general practitioner or the vascular specialist. Based on the information from the questionnaire and/or the family, all events were audited by three members of the SMART study Endpoint Committee, comprising physicians from different departments. Follow-up duration (years) was defined as the period between study inclusion and first cardiovascular event or death from any cause, date of loss to follow-up or the preselected date of 1 March 2005. Fifty of the 3196 participants (1.6%) were lost to follow-up due to migration or discontinuation of the study.
Data analysis
Cox proportional hazards analysis was performed to estimate hazard ratios (HR) and 95% confidence intervals (CI) for the occurrence of vascular events and all-cause mortality associated with presence of MetS. If a patient had multiple events, the first recorded event was used in the analyses. The age and gender adjusted association of NCEP-, NCEP-R-and IDF-defined MetS with vascular events was examined in model I. In order to study the prognostic value of MetS taking into account traditional risk factors for atherosclerosis, LDL-c levels and current smoking were additionally included in model II.
Other risk factors for atherosclerosis (elevated BMI and triglycerides and low HDL-cholesterol) were not included in this model because they are components of MetS. Subgroup analyses were performed in patients with and without diabetes and in patients with CAD, CVD, PAD, and AAA separately. Because of the fact that some patients fell into more than one vascular disease-manifestation category, adjustments were made for the presence of other vascular diseases in each category. Furthermore, the association of NCEP-R-defined MetS with vascular events was studied in different categories of SBP (,140 mmHg and !140 mmHg) and LDL-c levels (,2.5 mmol/L and !2.5 mmol/L).
To investigate whether the relation between MetS and vascular events was modified by the presence of diabetes, by the localization of vascular disease or by SBP-or LDL-c category, we included these interaction terms in the Cox model. If the P-value of the interaction term was 0.05 effect-modification was considered to be present.
We assessed proportionality by inspecting the Kaplan-Meier graphs and formal testing was done in the STATA package with the Schoenfeld test (P ¼ 0.8 for the NCEP definition, P ¼ 0.8 for the NCEP-R definition and P ¼ 0.7 for the IDF definition).
Analyses were performed in SPSS version 12.0.1 (SPSS, Chicago, IL, USA).
Results
Baseline characteristics
From the total study population, 1362 patients (43%) met NCEP criteria, 1601 patients (50%) NCEP-R criteria and 1375 patients (43%) IDF criteria for MetS. Baseline characteristics of the study population according to MetS status are presented in Table 2 . NCEP-R-defined MetS was most prevalent in patients with PAD (55%). In patients with CAD, CVD or AAA, MetS was present in 50, 49, and 53% of patients, respectively. From the total studypopulation, 691 patients (22%) had type 2 diabetes.
Impact of different metabolic syndrome definitions on the incidence of new vascular events and all-cause mortality
During a median follow-up of 3.2 years (interquartile range 1.4-5.4 years), 331 patients of the 3196 patients died (of whom 215 from a vascular cause), 95 had an ischaemic stroke and 195 patients had an MI. The composite of MI, ischaemic stroke or vascular death occurred in 373 patients. The cumulative 5-year risk was 13.2% (95% CI 11.7-14.8) for all-cause mortality, 8.9% (95% CI 7.6-10.2) for vascular death, 3.9% (95% CI 3.0 -4.7) for ischaemic stroke, 7.8% (95% CI 6.6 -9.0) for MI and 15.0% (95% CI 13.4-16.6) for the composite of vascular events.
As shown in Table 3 , both the NCEP and NCEP-R definition for MetS were related to an increased risk of subsequent vascular events [HR 1.50 (95% CI 1.22-1.84) and HR 1.50 (95% 1.22-1.85), Use of glucose lowering agents, n (%) 329 (24) 119 (7) 331 (21) 117 (7) 261 (19) 187 (10) Use of blood pressure lowering agents, n (%) 684 (50) 600 (33) Although it was not the primary aim of this study, the risk associated with each individual component of MetS was analysed as well. Central obesity was weakly associated with an increased risk of all vascular events but none of the other MetS components was ( Table 4) .
The relation between NCEP-R MetS and subsequent vascular events and between NCEP-R MetS and all-cause mortality was not modified by the presence of diabetes (P-values for interaction 0.90 for all vascular events and 1.03 for all-cause mortality). As shown in Table 5 , the associations of NCEP-R-defined MetS with the various endpoints in the 2472 patients without diabetes mellitus were similar as compared with the total study population.
Risk of new vascular events and all-cause mortality in patients with and without metabolic syndrome according to the localization of clinically manifest vascular disease
The relation between NCEP-R MetS and future vascular events and between NCEP-R MetS and all-cause mortality was not modified by the localization of clinically manifest atherosclerosis (P-values for interaction 0.93 for all vascular events and 0.97 for all-cause mortality). As shown in Table 6 , presence of NCEP-R-defined MetS was related to an increased risk of subsequent vascular events and .......... ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ .... ..... all-cause mortality in all vascular disease-manifestation categories (CAD, CVD, PAD, and AAA).
Risk of new vascular events and all-cause mortality in patients with and without metabolic syndrome according to treatment goals for low density lipoprotein-cholesterol or blood pressure
The relation between NCEP-R MetS and subsequent vascular events and between NCEP-R MetS and all-cause mortality was not modified by SBP category (P-values for interaction 0.23 for all vascular events and 0.21 for all-cause mortality). As shown in The relation between NCEP-R MetS and future vascular events and between NCEP-R MetS and all-cause mortality was not modified by LDL-c category (P-values for interaction 0.19 for all vascular events and 0.49 for all-cause mortality). As shown in Table 7 , both in patients with low LDL-c levels (,2. 
Discussion
In the present study it was shown that in patients with various manifestations of atherosclerotic vascular disease, presence of MetS according to NCEP or NCEP-R criteria was associated with a higher risk of subsequent vascular events and all-cause mortality, independently of the presence of type 2 diabetes. Also in patients at treatment goals for SBP (,140 mmHg) or LDL-c (,2.5 mmol/l) according to current guidelines, presence of NCEP-R-defined MetS points to a higher vascular risk. IDF-defined MetS was less strong related to an increased risk of new vascular events and all-cause mortality.
In the present study it was shown that although the prevalence of NCEP-defined and IDF-defined MetS were similar in our study population (43%), they appeared to identify different individuals at different risk. These findings are in contrast with a recent study conducted in healthy men, reporting different prevalences but a similar predictive ability for mortality of IDF, NCEP, and NCEP-R-defined MetS. 15 Several other prospective studies have reported similar associations of different MetS definitions with cardiovascular risk in the general population as well. 14,16 -18 However, a recent study conducted in non-diabetic subjects also reported a lower cardiovascular risk associated with IDF-defined MetS compared with NCEP-defined MetS. 26 In patients referred for coronary angiography NCEP-defined MetS but not IDF-defined MetS predicted future vascular events. 24 The results of that study and of 
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Hazard ratio (95% CI) A.M.J. Wassink et al NCEP or NCEP-R criteria, is a strong indicator of risk for the occurrence of new vascular events. In the present study, conducted in a large cohort of patients with different manifestations of atherosclerotic disease, it is shown that this risk is present irrespective of the site of the clinical manifestation of atherosclerosis. Several factors may explain the weaker association of IDFdefined MetS with vascular events. First, the lower cut-off value for waist circumference results in identification of patients with lower abdominal obesity, of which a large proportion is likely not to be insulin resistant. Patients with MetS diagnosed by the IDF definition but not by the NCEP definition had a more favourable cardiovascular risk profile than those classified with the NCEP definition but not with the IDF definition. 27 Apparently, the obligatory presence of an increased waist in the IDF definition leads to identification of patients with lower prevalence of other MetS criteria. For example, in the present study the high triglycerides and low HDL cholesterol components of MetS are less prevalent in patients with IDF-defined MetS than in those with NCEP-or NCEP-R-defined MetS. In another study, after modification of the IDF waist criterion using a higher cut-off for abdominal obesity, the cardiovascular risk associated with IDF-defined MetS substantially increased. 26 In our study, the difference in risk between MetS criteria cannot only be explained by the difference in cut-off values of individual components ( Table 4) .
Like several previous studies we found that the prognostic capacity of the different definitions is better for NCEP and NCEP-R-defined MetS than for IDF-defined MetS. 24, 26 We did not formally test if the different definitions lead to different HR's and realize that these findings should be replicated in future studies. It has been suggested that in patients with established cardiovascular disease the increased cardiovascular risk associated with MetS is entirely due to the high prevalence of type 2 diabetes among patients with MetS. 28 However, in our study population the increased cardiovascular risk associated with MetS was independent from the presence of type 2 diabetes. In patients with CHD this has been reported as well 19, 24 and is in fact not surprising, since MetS contains as per definition, apart from dysglycemia, several other well-established cardiovascular risk factors such as hypertension and dyslipidemia, but also hypercoagulability, inflammation, low adiponectin plasma levels and small-dense LDL-c 29 -33 may contribute to the increased cardiovascular risk. In the present study it was shown that NCEP-R-defined MetS was able to identify patients at high risk for new vascular events and all-cause mortality, irrespective of SBP being high (!140 mmHg) or low (,140 mmHg). This implicates that patients with MetS and manifest vascular disease having an optimal SBP (,140 mmHg) according to current guidelines are at increased risk of cardiovascular events and all-cause mortality compared with those without MetS. This is irrespective of the use of blood pressure lowering agents. These results indicate that by using the fairly simple MetS diagnostic criteria, clinicians are able to identify patients at the highest risk. These patients may benefit from more aggressive cardiovascular risk reduction than recommended by current European and US guidelines. This will need further investigation.
In the present study it was shown that the increased risk of cardiovascular events and all-cause mortality associated with presence of MetS was independent of patients having low (,2.5 mmol/L) or high (!2.5 mmol/L) LDL-c levels. Patients with MetS and manifest atherosclerotic disease having an optimal low LDL-c (,2.5 mmol/L) according to current guidelines are at increased risk of cardiovascular events and all-cause mortality compared with those without MetS. This was irrespective of the use of lipid-lowering agents. However, due to the small number of events in the low LDL-c category, confidence limits are wide. This has to be taken into account when interpreting these results. NCEP-ATPIII guidelines provide an optional further lowering of LDL-c below 1.8 mmol/L in very high-risk patients, including those with MetS. 22 In a recent report from the TNT study, conducted in coronary patients, MetS was found to identify those patients who benefit the most from intensive lipid-lowering therapy. 19 In the present prospective study, conducted in a large cohort of patients with various manifestations of atherosclerotic disease, it is shown that among patients with optimal low LDL-c levels, presence of MetS was associated with increased cardiovascular risk. Some limitations of this study have to be taken into account. The study population consisted of those patients who had survived their first vascular event, so it could be that our patients are healthier than those not referred to our hospital. This may have influenced the estimation of risk. Secondly, stratification of our study population in different disease-manifestation categories and in low and high LDL-c categories resulted in small numbers of events in some categories, attenuating the precision of the risk estimation. Drawing firm conclusions from those results should therefore be done with caution. Thirdly, stratification of our study population in low and high SBP-and LDL-categories was based on baseline measurements of blood pressure and LDL-c. It is not known whether the observed values had been on this level long before enrolment in the study or if they had just been reached, nor whether this level substantially changed during follow-up. This may have influenced the estimation of risk in the different categories. Finally, an oral glucose tolerance test was not performed and could therefore not be included in the definition of diabetes.
In conclusion, the results from the present study show that in patients with different clinical manifestations of vascular disease, presence of NCEP and NCEP-R-defined MetS is associated with an increased risk of cardiovascular events and all-cause mortality, independently of the presence of type 2 diabetes. This risk is significantly higher than the risk associated with IDF-defined MetS and is present irrespective of the site of the clinical manifestation of atherosclerosis. Also in patients at treatment goals for SBP (,140 mmHg) or LDL-c (,2.5 mmol/L) according to current guidelines, presence of NCEP-R-defined MetS points to a higher cardiovascular risk. Patients with clinically manifest vascular disease and MetS may benefit from more aggressive treatment of cardiovascular risk factors than recommended by current guidelines.
